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For predictive simulation and experimental analysis of 
toroidal plasmas, a simulation code TOTAL (Toroidal 
Transport Analysis Linkage) has been developed as an 
extension of HSTR code. This consists of a 3-dimensional 
equilibrium with ohmic and bootstrap currents and a 
I-dimensional transport with neoclassical loss determined by 
ambipolar radial electric field as well as anomalous transport 
(empirical or drift turbulence models). 
Consideration of the transport of impurities and their 
influence on plasma performance is one of important 
elements in a self-consistent predictive modeling. In 
particular, the development of "breathing" oscillations in 
LHD gives an interesting example of impurity effects in 
helical devices. 
The impurity dynamics is calculated using measured 
electron temperature and electron density. Figure 1 shows 
the breathing oscillation of measure input profiles and 
calculated radial electric field, radiation power and effective 
Z values. The initial total impurity density was assumed by 
the percentage of main plasma density. Here the recycling 
rates of all impurity ions are assumed to be unity. In this 
analysis, carbon, oxygen, and iron densities are assumed as 
1 %, 1% and 0.2 %, respectively. Their initial profiles are 
determined using coronal equilibrium model, and the 
time-variation of each charge-state impurity ions is 
dynamically solved by the rate equation of each charge-state 
and the diffusion equation with the transport coefficient D of 
1 m2/s and without the inward flow (v = 0 mls). The 
ambipolar electric field calculated from bulk plasma is 
negative (ion root), which contradicts with experimental 
observations. For precise determination of electric field, we 
might include impurity effects on the ambipolar flux 
calculation. The radiation profile has two peaks (central and 
near edge) corresponding to iron and low-Z (carbon and 
oxygen) impurities, which qualitatively agrees with 
experimental data. . .. 
Typical radial profiles of effective thermal dlffuslvlty 
are calculated. 
dWp d(T. + 1;) 
Xeff =-(QNBI +QRF -Tt)/(ne dr ) 
·In higher density, detached small plasma and low-Z impurity 
radiation dominant phase, the thermal diffusivity is rather 
low. On the other hand, in the temperature increase, low 
radiation and larger attached plasma phase, the diffusivity is 
slightly high. This transport change might also contribute to 
the appearance of periodic relaxation oscillations. 
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Fig. 1 Transport analysis on LHD "breathing" plasma. 
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